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ABSTRA~
The effective communication ok ~’nqincerinq rf!suits frm tile finite

element modelinq analyst to pro]ect manaaers ,]nd nontechnical proqrarn
sponsors often presents ~ siqniflc~nt (-hallenqe to the dnalyst. AlSO, the
ability to visualize trer~ds in tinlte element modei results i~ difficult when
the analyst Is confronted by reams of numerical output. Recent advances in
canputer qraphlcs and the proliferation of sopFisticat=d commercially-
available software have greatly enhanced the ability Of the analyst to assess
the results of engineering calculations and present those results to others.

‘The use of PATRANby an enqlnzerinq mechanics qroup as a pre- and
postprocessor Eor finite element modelinq will be discussed. Specifically,
the design and analysis of a heat exchdnqer support that ●xperiences severe
thermally-induced ztresses will be exam’.ned. 8oth heat transfer and stress
analyses for two different desiqn concepts will he presented. The use of
PA’CRAN as a visualization/presentat ion tool will be emphasized.

THE Wf21NEERINGM?CHANICSsection of the Advanced Enqineerlnq Techvoloqy
qroup provides analytical and computational support to many research and
development projects at Los Alamos. Described in this paper are the thermal
and structural analyses of a component for an advanced tesearch and develop-
ment project. Specifically, two desiqn concepts Eor supporting a heat
exchanqer were nxamined. Models for both concepts were built using PATRAN.
ABAQUSwas the analysis code. The feasibility of each design was assesaed
based on thermal behavior and stresses and deflections in the structures.
PA’rRM, with its vivid portrayals of the variations of these quantities
throuqh tho structures, was instrumental in these assessments.

COMPUTER!3YSTMS

A w 11/785 was used as the host for finite element model construction using
PATRAN. Tektronix 4201B and 4115 graphics devices were utilized in the pre-
and postprocessing staqes. The Advanced Enqineerinq Technolol~ qroup has
been usinq PATRANfor finite element model construction and i,~terpretation
of results since May 1986. All analyses usinq ABAQU!3wer~ p~rforrned on a
CRAYXWP-48.
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ABSTRA~
The effective conununication of @nqineerinq results from the finite

element modeling analyst to project manaqers and nontechnical proqram
sponsors often presents a significant challenqe to the malyst. Also, the
~bility to visualize trends in tinite element model results is difficult when
the analyst is confronted by reams o~ numerical output. Recent advances in
computer graphics and the proliferation of sophisticated consnercially-
dVailcIb~e software have great~,y enhanced the ability of the analyst to assess
the results of engineering calculations and present those results to others.

The use of PATRANby an enqineerinq me:hanics group as a pre- and
postprocessor for Einite ●leme~lt modeling will be discussed. Specifically,
the d-sign and analysis of a heat exchanger support that experiences severe
thermally-induced stresses will be examined. 8oth heat transfer and stress
analyses for two different design concepts will be presented. The use of
PATRANas a visualization/presentat ion tool will be ●mphasized.

THE EWINEERING WC!MANICS section of the Advanced Enqineerinq Technology
group provides analytical and computational support to many resealch and
development projects at Los Alamos. Described in this paper are the thermal
and structural analyses of a component for an advanced research and develop-
ment project. Specifically, two design concepts for supporting a heat
exchanger were examined. Models for both concepts bmre built usinq PATRAN.
ABA@Jswas tho analysis code. The feasibility of each de?ign was assessed
based on thermal behavior and stresses and deflections in the structures.
PATRAN, with Its vivid portrayals of the variations of these quantities
through the structures, was instrumental in these assessments.

Ct3WUTER SYSTEM

A VAX 11/785 was used as the host Eor finite eiement model construction usinq
PATRAN. Tektronix 420t3 and 4115 qraphics devices wre utilized in the pre-
and postprocessing staqes. The Advanced Engineering Technology group has
been uslnq PATRANfor finite element model construction and interpretation
of results since Play 1986. All malyses usinq ABAQUSwere performed on a
CRAYXW-48.
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DESIGN TASK

The basic issue was to design a s!ructure that would support a 5000-pound
heat exchanqer, yet thermally isol~te the heat e<changer from the components
below it. Isclating the heat exchanqer would maintain its elevated tempera-
ture resultinq in maximum thermal ef~iciency for the overall system. AS

shown in Fig. 1, the design a15cI had CO permit flow around the vessel.

OBJECTIVES

The goal of the analyses was co ~ssess the structural and thermal behavior
of two different conceptual desicns. Speclficallyr the temperature profiles
and the thermally-induced stresses were calculated. Deflections of the

structures were also of interest. These three parameters--stress, deflection,
and heat leak--were used to assess the suitability of each design.

CONCEPTUALDESIGN #1

‘CHE CONCEPT - The initial Careptudl desiqn consisted of an inner and an
outer rinq connected by welded struts. The heat exchanqer pressure vessel
would bolt to the top of the inner ring while the outer ring would bolt to

ground. Thermally the struts would act as resistors, tending to isolate the
inner from the outer rinq. The openings between the struts would serve as
air coolant passages.

THE FINITE EL~ENT MODEL- PATRANwas used to construct the finite
element model of a 30° segment of the structure, as shtmn irl Fig. 2. This
repeatable pattern was then used to quickly construct the full model shown in
Fiq. 3. The ability of PATRANto use named entities to cr~ate new Phase II
portions of the model proved especially useful. Obviously, a full model was
not necessary from an analytical perspective. Mwever, visllali:ation of
thermally-induced behavior (deflections and stresses) was considerably
enhanced thrwqh the use of complete models of the structure. After Phase I
and Phase 11 muiel construction in PATRANwere completed, the PATABAtrans-
lator was used to create an ABAQLJSinput tile. The modeling process took
approximately 20 hours. The finite element model was composed of approxi-
mately 1500 ●iqht-ncxied solid brick ●lements. flaterial properties for stain-
less steel were ass!,gned to the elemef?ts in the model.

THEFWALANALYSIS - The boundary conditions on the thermal model included
isothermal surfacas, connectively-cooled surfaces, and insulated surfaces.
Nodes on the top of the inner ring were held at 650°F, which was the
estimated temperature of the outside surface of the heat exchan~er plessure
vessel . Nodes at the bottau of the outer ring wre held at 170 F to
simulate the ground condition. Because the purpose of the “two rings
separated by strutn” concept was to thermally isolata the ttm rinqs fran each
other, yet allow air flow around the heat exchanger, there was some question
about whether the struts should be covered with an Insulating material or be
left bare to be cooled by the passing fluid. Hence, both of these boundary
conditions were investigated. All other surfaces in the mcxiel were perfectly
in:.ul~ted (~T/~X = O).

Iflqures 4 and 5 present the temperature profiles Eor the insulated and
connectively-cmled strut situations, respectively. PATRANhas been used as
the postprocessor. As expected, the struts act as thermal resistors,
thermally isolating the tw rings tran e>ch other. The temperature in the
inner rinq 1s fairly constant, ~s shown in Fig. 4. similarly, the outer ring

,,- ,



also remains relatively isothermal, but at a much lower temperature than the

~nner ring. The differential thermal expansion that occurs between Phe two
rings results in excessive stresses in the inner ring and in the struts. A
comparison of Figs. 4 and 5 shows chat connectively cooling the struts is an
~ifectlve mechanism for removing heat from this structure. However, this

caoling increases the difference in temperature between the inner and outer
rinqs resulting in an even more severe stress problem. Based on the thermal
profiles for the two desiqn options. as presented with PATRAN, it was deter-
mined that insulating the struts would be necessary.

STRESS ANALYSIS - The linear ~ldStlC StrCSS dnZ41YSlS was perf~rmed with
the complete model shown in Flq. 3. Nodes ~t the bottom of the outer rinq
were constrained in the vertical degree of freedom (Z-direction). Point loads
simulating the weiqht of the heat f?xchanqer were assigned to the nodes at the
top of the inner ring. The temperature profile shown in Fig. 6 was also
imposed. Note that the initial temperature of the structure was 70”F.

Results in the form of a von Mlses stress contour plot and a defcrmed
mesh plot are presented in Figs. 7 and 9. Inspection of Fig. 7 shows that

stresses exceeding the yield strenqth (55 ksi) of the material are present in
:he struts and in the inner rinq. Fiqure 8 provides some justification for
these excessive stresses by qivinq a feel Eor the deformation behavior of the
StiUCtUre. Presented in this figure is the deformed finite element mesh.
The inner ring undergoes the largest displacement because it experiences the
largest temperature excursion (70JF to 650JF: AT = 580”F). The outer ring
does not “grow” as much as the inner ring. This differential thermal
expansion causes the sttuts to load the inner ring in a “torsional” fashion.
In response to this loadinq, the inner ring “rolls out” as shown in the
figure. PATRANwas instrumental in visualizing the deformation behavior of
this strt!cture.

FEASIBILITY ASSESSMENT- The thermal behavior of the structure was pre-
dictable. The struts serve as effective thermal resistors, isolating the two
rings f: lm each other. AS shown in Fig. 7, a linear elastic stress analysis
calculates excessivel’j higt, stresses that are really artifacts of the analysis
assumption. In an actual structure, plastic deformation would occur once the
material yield point was exceeded. However, this level of stress still could
not be tolerated. The nature of the application (repeated thermal cycling
with very ~lmited opportunities for periaiic inspections) dictates that
stresses remain below the yield poi~t of the material. The finite element
results, as graphically displayed with PATRAN, demonstrated that conceptual
design #l was not acceptable.

CONCEPTUAL DESIGN lt2

THE CONCEPT - The previous analysis indicated that the large differ-
ential thermal expansion between the inner and outer rings would have to be
accommodated. Figure 9 presents the second-generation design concept, which
consisted of two rings connected by pins that were free to slide in the
outer ring. Such an arrangement would accommodate the differential radial
expansion of the two rings.

THE FINITE ELEMENTMODEL Figure 10 displays the dimensions of the 15°
segment of the structure that was modeled. The finite element mesh developed
with PATRAN is shown in Fig. 11. This model, composed of approximately 700
twenty-noded brick elements, took approximately 24 hours to create. Note
that the bolt holes in the top surface of the inner ring have been included
and the outer ring has been modeled as a “pedestal’”, Link elements were
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utilized to model the connection between the sliding pin and the ~edestal.
After Phase 1 and Phase II model construction using PATRAN were complered,
!he PATABA trdI_ISldtOr was used to create an ABAQUS input file. flaterial
properties for stainless steel were assigned to the elements in the model.

TI+ERPIALANALYSIS - The nodes on the top of the inner ring were held at
650”F and the ncdes at the bottc+n of the outer ring were held at 170”F, as
before . All other surfaces, includinq the circumference of the pin were
perfectly insulated (31/3X = O). Results from a steady-state thermal analysis
are presented in Fiq. 12, using PA’CRANas the postprocessing software package.
The pin acts as a resistor, thermally isolating the inner rinq from the outer
rinq. Heat leak from the inner rinq to the outer rinq throuqh the pin is less
than the heat leak throuqh the struts ot rhe previous design. Thus. the second
conceptual design is better from d thermal perspecti-~e than the first.

STRESS ANALYSIS - A linear elastic stress analysis was performed with the
model shown in Fig. 11. Nodes at the bottom of the outer ring “pedestal” were
constrained in the vertical (Z) direction. Point loads were applied to the
nodes at the top of the inner ring to simulate the weiqht of the heat
exchanger. Symmetry boundary conditions were invoked et the cuttinq plane
locations. The temperature prot’ile shown in Fiq. 12 was imposed on a struc-
cure with an initial uniform temperature ot 70JF. Link elements were used
to simulate the pin-outer rinq connection. Note that the pin was free to
slide over the outer rinq pedestal in the radial (X) direction, thus modeling
unconstrained radial expansion of the inner rinq.

Results are presented in the form of von Plises stress contours in Fig.
13. PA~i$ld was again used for the Postprocessing and clearly indicates the
areas of high stress. The peak stresses in this configuration are, hwever,
well below the yield point of the material. This particular conceptual
design requires that contact stresses between the pin and the outer ring be
examined. In fact, a detailed effort to assess these effects was made, but
it will not be discussed here.

FEASIBILITY ASSESSW?NT - The thermal behavior of the second conceptual
design was as expected. The pins serve as very effective thermal resistors,
isolating the two rings from each other. Temperature profile plots developed
with PATRAN graphically display the temperature drop across the lenqtk, of the
pin. The linear ●lastic stress analysifi indicated that this conceptual design
was superior to the previous design. Lllowinq the two rings to expand inde-
pendently significantly reduced the stresses in the structure.

CONCLUSIONS

The finite elemant method is a pcwerful analysis tool used by engineers
to assess the thermal and structural behavior of components. In the past, a
considerable portion of the modeling effort was consumed In the mesh genera-
tion and result interpretation phases. Recent advances in computer graphics
md the proliferation of sophisticated commercially-available software pack-
ages (such as PATRAN) have greatly enhanced the productivity of the analyst.
specifically, with the use of PATRAN, an analyst can quickly construct finite
element meshes, interpret the results of engineering calculations, and present
those results to others for numerous different conceptual designs. This paper
has demonstrated hew PATRANserves as a vital tool to accanplish these tasks
in the engineering mechanics section of a research and development organiza-
tion. The heat exchanq(~r suppcrt analysis presented is but one example of
the myriad of applications h which v!sua14.zation using PATRANhas proven
indispensable.
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Fig. 4. Temperature contours - insulated strut.

Fig. 5. Temperature contours - connectively-coolad ‘strut.
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Fig. 8. Deformed Fleeh.
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Fig. 9. Conceptual heat exchanger support, Design 02.

Fig. 10. Dimensioned 15° ring support,
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Fig. 11. Finite element mesh.
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